The alkaloid profile of the aerial parts of Schizanthus tricolor Grau et Gronbach was investigated by GC-MS. Seventeen alkaloids were detected and are reported in this species for the first time. They were identified by means of retention indices, together with the fragmentation pattern of reference material. 3α-Methylitaconyloxytropane (12) is identified as a new alkaloid.
The neotropical genus Schizanthus (Solanaceae) comprises about 27 species, all indigenous to South America [1] . Among them, 12 species are endemic to Chile and distributed from the northern to southern part of the country. Seven species only have been studied (S. alpestris, S. grahamii, S. hookeri, S. integrifolius, S. littoralis, S. pinnatus and S. porrigens) [2] . Previous phytochemical studies revealed that the genus Schizanthus R. et P. (Solanaceae) accumulates a large variety of tropane alkaloids [1] [2] [3] . The genus is characterized by the presence of pyrrolidine and tropane alkaloids. The latter are mainly ester derivatives of angelic, senecioic, tiglic, itaconic and mesaconic acids. The presence of dimer and trimer tropane alkaloids is another characteristic of this genus. S. tricolor Grau et Gronbach is an annual herb, 60 cm in height, with zygomorphic lilac flowers with yellow trimmed, deep purple centre that grows in central Chile (Valparaíso and Santiago regions) and in the Atacama Desert. This species has not been phytochemically investigated previously.
Capillary gas chromatography coupled to mass spectrometry (GC-MS) combines the power of high resolution separation with very sensitive mass detection. It offers an efficient and sensitive tool for the detection and identification of very complex mixtures. Combined with retention indices either in isothermal conditions [4] or in temperatureprogrammed operation [5] , it allows a rapid and reliable identification of single chemical entities. Phytochemical investigation and compound identification by GC-MS of tropane alkaloids have been previously described [6] .
The aim of this study was to identify tropane alkaloids from the aerial parts of Schizanthus tricolor by GC-MS.
A preliminary TLC examination of the dichloromethane and methanolic extracts of the powdered aerial parts revealed the presence of a large number of alkaloids. Therefore, a simple and reliable GC-MS procedure that has been developed for the identification of tropane alkaloids in S. grahamii [6a] [7] has been applied to the analysis of the alkaloidal mixture. Among the alkaloids detected, fifteen were unambiguously identified by means of retention indices, together with the fragmentation pattern of reference material (Table 1 & Figure 1 ). Hygrine (1) and the diastereoisomeric hygrolines 2 and 3, which are always associated to the tropane ring biosynthesis [8], tropinone (4) and 3α-tropine (5) were identified by their fingerprint mass spectra, as well as by their retention indices ( Table 1 ). 3α-Acetoxytropane (6) was identified by comparison with reference material. Its mass spectrum gave a molecular ion at m/z 183. The two peaks at m/z 140 and 124 (base peak) indicated a monosubstituted tropane skeleton. This alkaloid, already described in the Solanaceae and Rhizophoraceae families [3] , is reported for the first time in the genus Schizanthus.
In the GC-MS chromatogram, some peaks have identical mass spectra, but slightly different retention times, for example 8, 9, 10 and 11, 12 and 13, as well as 14 and 15. This is explained by the presence of configurational and positional isomers characteristic of the genus Schizanthus [1, 3] . Two isomers of 223 Da were detected. One was identified as 3α-senecioyloxytropane (7) , but the other one could not be identified because of the absence of a reference compound. Five isomers of 239 Da were also present. Four of them were identified as 3α-hydroxy-6β-angeloyloxytropane (8), 3αsenecioyloxy-6β-hydroxytropane (9), 3α-hydroxy-6β-senecioyloxytropane (10) and 3α-hydroxy-6βtigloyloxytropane (11) by comparison of their mass spectra and retention indices with reference material. These compounds have already been identified in S. grahamii [7] . Two isomers of 267 Da were likewise identified. Their fragmentation pattern showed that they were 3-monosubstituted tropane alkaloids with methylmesaconic and methylitaconic acids. The first one was identified as 3α-methylmesaconyloxytropane (13) and was recently described in the regenerated plantlets of S. hookeri by Jordan et al. 2006 [6a] .
The second one has not been previously recorded and was considered as a new alkaloid. In order to assign an unambiguous structure to this alkaloid, chemical synthesis was carried out. The synthesis of the alkaloid involved four steps. First, itaconic acid was converted to dimethylitaconate (A) ( Figure 2 ) [9] , which was then treated with methanesulfonic and formic acids [10] to give the mono acid mono ester itaconate (B). The synthetic key step was to perform the selective hydrolysis of the nonconjugated ester. Unfortunately, α-methylitaconate (B) was obtained as the major product, but together with β-methylitaconate (C) and a small amount of the itaconic acid. The crude mixture was then subjected to column chromatography (CC) to afford pure B. The identification of this compound was confirmed by HMBC NMR experiments. α-Methylitaconate was then converted to 4-methyl itaconyl chloride (D) by treatment with thionyl chloride. Finally, 3α-methylitaconyloxytropane (12) was obtained by the addition of 3α-tropine to D. Spectroscopic evidence allowed identification of this compound as 3α-methylitaconyloxytropane (12). Five isomers of 365 Da were also detected. Their fragmentation patterns showed that they were 3,6-disubstituted tropane alkaloids with angeloyl, senecioyl or tigloyl and methylitaconyl or methylmesaconyl moieties. Because of lack of reference material, only two compounds were identified as schizanthine H (3α-methylitaconyloxy-6β-angeloyloxytropane, 14) and schizanthine I (3αmethylmesaconyloxy-6β-angeloyloxytropane, 15). Two other isomeric alkaloids of 337 Da (16 and 17) were detected in the alkaloidal mixture (Table 1) . Their fragmentation pattern indicated that they are 3,6-disubstituted tropane alkaloids esterified with isomeric C 5 acids. Because no reference material was available, their identification was not possible by GC-MS only. Further investigations are being carried out in our institute to identify these alkaloids. It is noteworthy that 3α-hydroxy-6β-tigloyloxytropane (11) and 3α-methylitaconyloxytropane (12) had superimposable mass spectra. Nevertheless, they could be unambiguously identified by means of reference compounds. Extraction: Plant material (1.3 kg) was extracted at room temperature successively with n-hexane and MeOH. After filtration, the methanolic solution was evaporated to dryness. The residue (161.2 g) was taken up in 0.1 M HCl and extracted with diethyl ether. The aqueous solution was basified with 4% ammonium hydroxide to pH 12 and then extracted with dichloromethane (DCM). The organic solvent was dried with Na 2 SO 4 and evaporated, yielding 3.7 g of a gummy alkaline residue.
Experimental

Plant material: Schizanthus tricolor was collected in
General procedures: GC-MS analyses were carried out using a Hewlett-Packard chromatograph 5890 series II coupled to a HP 5972 mass-selective detector (Agilent Technologies, Palo Alto, USA). The MS detector was used in the electron impact ionisation (EI) mode with an ionisation voltage of 70 eV. Mass spectra were recorded in the range m/z 30-600 at 1.3 scan/s and the MS transfer line was set at 280°C. The capillary column (HP5-MS 30 m x 0.25 mm i.d., 0.25 µm film thickness) was used with He as carrier gas under the following conditions: an initial oven temperature of 70°C was maintained for 1 min then linearly increased at 5°C/min to a final temperature of 285°C, and held at this temperature for 15 min. A sample volume of 1 µL was injected in the splitless mode into a laminar liner at 250°C using 
Synthesis of 3α-methylitaconyloxytropane (12):
Dimethyl itaconate (A) was prepared by refluxing 6 g (46 mM) of itaconic acid (Fluka, Switzerland) and 1 mL sulfuric acid (1.84 g, 18.8 mM, 0.4eq.) in 30 mL MeOH for 7 h. The reaction mixture was then cooled to room temperature and neutralized with 30 mL of a saturated NaHCO 3 solution. Methanol was removed and the aqueous phase was extracted with 3 x 30 mL diethyl ether. The organic layers were combined, dried over Na 2 SO 4 , and concentrated to give 5 g of A (68%). 13 3α-Methylitaconyloxytropane (12): 3α-Tropine [0.81 g (5.7 mM)] was dissolved in 3 mL anhydrous DCM under nitrogen and 0.93 g (5.7 mM, 1 eq.) of D was added to the solution. The mixture was heated under reflux for 4 h and then at room temperature overnight. Water (25 mL) was added and the solution extracted with ethyl acetate (3 x 25 mL). The aqueous phase was made alkaline with saturated Na 2 CO 3 solution (pH 8-9) and extracted with DCM (3 x 25 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and the solvent was evaporated. The crude red-brown oil was purified by CC on silica gel (MeOH: DCM: NH 3 , 1: 1: 0.05) yielding 0.51 g of 12 (34%). 
3α-Methylitaconyloxytropane
